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s-process Nucleosynthesis

§ Why do we have stable isotopes with 
different abundances in solar system???

§ Why do we have elemental abundances in 
solar system and stellar atmosphere???

§ The very light nuclei (1H...7Li) are 
produced during the Big Bang 
Nucleosynthesis.

§ The light nuclei (8Be…56Fe) are produced 
during the explosive burning.

§ Valley of Stability nuclei (56Fe…210Po) are 
produced by slow neutron capture (s-
process).

§ Proton rich nuclei (Z>26) are produced by 
p-process.

§ Neutron-rich nuclei (Z>26) and actinides 
are produced by rapid neutron capture (r-
process).

Solar System Elemental Abundances



s-process Cross sections

§ Slow neutron capture (s-process) takes place in 
stars. There is no unique s-process temperature, 
it depends on a particular star (AGB, Red Giant) 
and ranges from 8 to 90 keV. 

§ s-process nucleosynthesis  Maxwellian-averaged 
cross sections (MACS) can be expressed as 

where k and T are the Boltzmann constant and 
temperature of the system, respectively, and E is 
an energy of relative motion of the neutron with 
respect to the target. Here EL

n is a neutron 
energy in the laboratory system and m1 and m2
are masses of a neutron and target nucleus, 
respectively.
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ENNDF/B-VIII MACS

§ ENDF/B-VIII.b3 and ENDF/B-VIII.b4 library 
MACS and their uncertainties  have been 
calculated and compared with 
corresponding values in Karlsruhe 
Astrophysical  Database of Nucleosynthesis 
in Stars (KADoNiS). 

§ KADoNiS (www.kadonis.org) is stellar 
nucleosynthesis  library that consists of 
~85% experimental and ~15% theoretical 
(NON-SMOKER) cross sections. 

§ KADoNis values are periodically updated; 
sometimes new measurements change 
KADoNiS in dramatic fashion: 19F(n,g) from 
5.8(12) mb to 3.2(1) mb in versions 0.0 and 
0.3, respectively.

§ Some of presently-available KADoNiS 0.3 
values are impacted by incorrect 197Au cross 
sections and will be fixed in 2018.



ENNDF/B-VIII.b4 MACS

§ There are noticeable differences between 
KADoNiS and ENDF/B-VIII.b4 libraries for 
light  and medium nuclei.  

§ 1,2H and 3He experience significant deviations 
due to differences between center of mass 
and lab system cross section values. 

§ Other deficiencies could be separated into 
three groups: 
• 31P, 36S and 196Hg KADONIS values are based 

on a single recent measurement. 
• Due to lack of experimental data theoretical 

values were adopted for 38Ar, 82Se,141Ce. 
• Deficiencies in 16O and 48Ca originate from the 

old or insignificant for integral tests ENDF 
evaluations and coverage problems in EXFOR 
database. 



Stellar Nucleosynthesis

§ In s-process nucleosynthesis, the 
product of neutron-capture cross 
section ( at 30 keV in mb) times 
solar system abundances (relative 
to Si = 106) as a function of atomic 
mass should be constant for s-
process only equilibrium nuclei

§ Visual inspection of the figures 
indicates two local equilibrium and 
ledge-precipice break at A~138 for 
the ENDF libraries fit.

§ Strong astrophysical potential of the 
ENDF/B-VIII.b4 library
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TENDL 2015 vs. ENDF/B-VII.1

§ In September 2016 A. Sonzogni has suggested to evaluate both libraries using 
Maxwellian-averaged cross sections in KADoNiS.

§ A few comments on TENDL 2015: 
• Overall neutron library size: 14.8 GB
• Doppler-broadened neutron library, 0.1%: 237 GB
• Processing time on Windows PC: 1-1.5 days

§ More on TENDL 2015: 2809 materials. It is missing 129,130,131,135I that exist in 
ENDF/B-VII.1.

§ TENDL has astrophysical adjustments, while ENDF is not.
§ ENDF/B-VII.1 is definitely better for Sr, Te, Sm and Hg. No difference for major 

actinides. In other cases TENDL 2015 is often better.
§ TENDL 2015 is better matched with theoretical values in KADONIS (NON-

SMOKER calculations).



TENDL 2015 vs. ENDF/B-VII.1

§ NNDC style calculations of MACS 
were produced; INTER results listed 
in TENDL 2015 were ignored as not 
very reliable.

§ Comparison with KADoNiS.
§ Comparison of two libraries 

Maxwellian-averaged cross 
sections, kT=30 keV.

§ Current values could be helpful 
Identification potential deficiencies 
in both libraries.

§ The good news that we have time to 
improve ENDF/B and KADoNiS is 
not always perfect.



ENDF/B-VIII.b4 Web Interface

§ ENDF/B-VIII.b4 is available at the 
NNDC website: 
http://www.nndc.bnl.gov/endf

§ Powerful tool for ENDF/B-VIII.b4 
quality assurance.

§ Example of 56Fe(n,g) retrieval for 
ENDF/B-VII.1 and ENDF/B-VIII.b4.

§ Example of 238U(n,F) covariance 
retrieval for ENDF/B-VIII.b4.

§ Collaborative effort with Viktor 
Zerkin (IAEA).



Conclusions & Outlook

§ There is a very strong astrophysical potential of ENDF/B-VIII.b4 library.
§ Several deficiencies have been identified in ENDF/B-VIII.b3 and ENDF/B-

VIII.b4 releases.
§ ENDF/B-VIII developers should not be intimidated by KADoNiS or TENDL 

cross sections. It is important to produce its own product.
§ Do we need calculations of RI, Westcott factors, 252Cf and thermal cross 

sections using ENDF/B-VIII library?
§ Do we need any comparison with TENDL?
§ Any missing in EXFOR nuclear astrophysics data sets could be processed at 

NNDC if necessary.


